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Abstract. An important branch of livestock industry is the domain of domestic poultry. 
Incubation is the process by which, under the influence of multiple factors and ensurance of optimal 
conditions, in a time period characteristic of each species, from a fertilized egg results an one day old 
chicken. The main topic of this paper is to highlight the positive effects of carbon dioxide as part of 
the environment factors used to improve the incubation techniques. 
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INTRODUCTION 
  
In animal science industry, increasing the number and quality of chickens is a steadily 
pursued objective. To achieve this goal, numerous research papers have been undertaken and 
significant improvements have been brought in the incubation techniques. In recent years the 
interest on the positive role of the carbon dioxide in incubation has increased. With both 
efficiency and applicability formerly challenged, carbon dioxide is now widely used by 
incubators producers. However, there is still insufficient data in the literature to emphasize the 
role of carbon dioxide during chicken incubation and his impact on embryonic development. 
 
SCIENTIFIC CONTRIBUTIONS 
 
Embryonic development is a dynamic process, determined not only by the individual's 
genetic pattern but also by the environment in which it develops. The importance of the 
genetic patterns and its impact on growth of chicken, were described in the literature in detail 
over time. If until recently, chicken industry knew three productive types (eggs, meat, mixed), 
today, following the differential selection and market requirements, remained in production 
only two types of chicken (eggs and meat). These two types differ among themselves from the 
stage of embryonic development (Sato et al., 2006).  
Although there is an extensive knowledge on how genetics affects the prenatal and 
postnatal development of the chicken embryo, about the mode of action and the influence of 
environmental factors on embryonic development, not much is known. The analyze of these 
factors started from the assumption that altering the environment in which an organism 
develops leads to an adaptative change in the development of physiological systems, resulting 
in impaired function of these systems. (De Smit et al., 2006). An example in this respect is the 
study on the action of hypoxia and hyperthermia on zebra fish (Bagatto, 2005). This study 
concluded that both environmental factors have led to a decrease in the development of these 
fish.  
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During embryonic development, the chicken already experiences periods of hypoxia. 
Severe prenatal hypoxia has severe repercussions on the chicken’s circulatory system 
development, through inducing the heart (Villamor et al., 2004) and aorta (Rouwet et al., 
2002) hypertrophy. Because cardiocirculator system in broilers is very sensitive, poor 
environmental conditions of breeding farms (which can lead to hypoxia during incubation), 
can cause both heart diseases and ascites (Julian, 1998). 
In nature, conditions of hypoxia are less likely to occur, a higher incidence may have 
chronic hypercapnia. In a study by Walsberg (1980), carbon dioxide concentrations up to 
1.00% have been measured under breeding hens, whereas the concentration of carbon dioxide 
in the atmosphere does not exceeded 0.03-0.04%. The effects of the gaseous environment on 
the embryo development depends not only on the degree of hypoxia or hypercapnia, but even 
more on the time of development at which the embryo is exposed to them. Embryonic oxygen 
consumption increases rapidly in the first two weeks of incubation. The surface of area 
vasculosa and the growth rate of choriallantois membrane are close related to oxygen uptake. 
From here the assumption that hypercapnia/chronic hypoxia during the first half of incubation 
period stimulates the circulatory system, improving blood flow and hatching process. There 
are recent studies that have shown that a gradual increase in carbon dioxide concentration in 
the first 10 days of incubation stimulates the embryonic development and has beneficial 
effects on the process of hatching. 
Towards the end of incubation, hypercapnia may induce to the embryo physiological 
changes related to the timing and control of both the internal and external pipping and the 
hatching process. Through the action of chronic hypercapnia, changes can be induced in the 
circulatory and pulmonary systems, changes that can lead to a lower incidence of ascites in 
broilers. These findings led to the hypothesis that increased levels of carbon dioxide could 
reduce the duration of action of the hypoxic conditions on the embryo. Increased carbon 
dioxide concentration at the end of incubation acts as a stimulus for hatching process. 
Until now, in practice, the chicken eggs were incubated in a gaseous environment 
consisting of 21% oxygen and less than 0.5% carbon dioxide. Numerous reports have 
suggested that a concentration of 0.1-0.5% carbon dioxide in artificial incubation may be 
beneficial for embryo development and hatchability. Sadler et al. (1954) and Taylor with 
Kreutziger(1965), through their studies, have shown that chicken embryo shows conspicuous 
physiological changes at increased carbon dioxide concentrations, changes which are more 
evident in the first 48 hours of incubation. This sensitivity decreases with time, the embryo 
becoming more tolerant to high concentrations of CO2. 
Romanoff and Romanoff (1933) reported a faster embryonic growth in the first 12 
days of incubation when the eggs were incubated in a gaseous environment in which the 
concentration of carbon dioxide concentration was higher than that normally used in the 
incubation (0.4%). 
Although concentrations up to 4.00% of carbon dioxide enhance early embryonic 
development (Sadler et al., 1954), carbon dioxide concentrations that exceed 1.00% reduce 
hatching (Romanoff and Romanoff (1933), Taylor et al., (1956). In a more recent study 
conducted by Hogg (1997), Ross breeder eggs were incubated in a closed incubator that 
allowed the carbon dioxide concentration to rise to 1.5% at the end of the first 10 days of 
incubation. This period was followed by the normal incubation procedure. The new method 
improved hatchability with 2.00% compared to control group. 
In incubation industry, using increased concentrations of carbon dioxide in the early 
days of incubation, became an increasingly common practice. Thus wide world known 
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incubator producers equip their devices with automatic control systems of other 
environmental factors depending on the carbon dioxide concentration in the incubator.  
De Smit et al., (2006) demonstrated by non-ventilation in the first 10 days of 
incubation that carbon dioxide concentration increased gradualy to 1.5% the incubator, with 
positive effects on embryonic development. This increase in carbon dioxide concentration 
seems to switch on some physiological systems related to embryonic development, earlier 
than it happens under ventilated conditions. Moreover, these effects persist throughout the 
whole period of development even after normal ventilation has been restored. 
Sadler et al. (1954) explained that the positive impact of carbon dioxide is the result of 
the decrease of pH of the albumen, modifying the acid-base balance, which might delay the 
apparent breakdown of the chalaziferous membrane and the thick layer of albumen. Other 
possible explanation is the early start of the expression of pH-dependent enzymes like 
carbonic anhydrase, whose major role is in the first stages of embryonic development. 
Carbonic anhydrase is involved in the formation of embryonic fluid, the production of which 
is a pivotal event in early days of development (Deeming, 1989). 
After Myamoto (2005), chronic hypercapnia might influence embryonic 
cardiovascular system by inducing vasodilatation and increasing blod flow. 
Increased carbon dioxide concentration is known to be a stimulus for higher 
concentration of plasma corticosterone and T3 hormones that eventually lead to the initiation 
of chick’s hatching process (Decuypere et al., 1991). In the experiment conducted by 
Decuypere, embryos from the non-ventilated incubator (in which the gas exchange between 
the outer environment and the inside of the incubator was stopped), corticosterone and T3 
level was higher than in the control group, leading to their early hatching. 
Normally, the optimal broiler breeder age to achieve maximal hatchability, is around 
40 to 45 weeks (Suarez et al., 1997, Tona et al., 2001). The action of carbon dioxide in the 
first 10 days might increase the percentage of hatchability in eggs from breeders older than 45 
weeks De Smit et al., (2006).  
De Smit et al., (2006) obtained in his experiments a percentage of hatching of 92.53% 
from breeders of 45 weeks when the eggs were incubated under the influence of carbon 
dioxide (1.5%) and only 91.60% hatch percentage from control group. In the group of eggs 
from breeders of 60 weeks, incubated under the influence of carbon dioxide (1.0%), the 
percentage of hatching was 89.25% compared to control, which had a hatch percentage of 
85.35%. 
If most of the studies focused on the aplication of carbon dioxide concentrations in the 
first 10 days of incubation, Everaert (2006), in his study based on the application in the 
second period of incubation of a carbon dioxide concentration of 4% , noticed a remarkable 
embryonic tolerance for increased levels of carbon dioxide. Moreover, there was no 
significantly higher embryonic mortality, this confirming the conclusions of Taylor si 
Kreutzyger (1966,1969) for the broiler line. 
In his study, Everaert et al., (2006) has obtained similar results with those of De Smit 
et al., (2006). Thus, there were significant differences in the internal and external piping 
between the control group and exprimental group treated with 4% carbon dioxide in the 
second half of the incubation. This was considered to be the effect of corticosterone and T3 
hormones. The level of these hormones has been greatly increased in the experimental group 
compared to control, and the values in the blood remained high in the experimental group 
over a period of seven days from hatching. Tona et al., (2006) concluded that this effect is due 
exclusively to the action of carbon dioxide in the experimental period. 
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Everaert et al., (2006) demonstrated that broiler chicken embryos can tolerate high 
concentrations of carbon dioxide (4.0%) in the interval between day 10 and day 18 
experimental, without adverse effects on pre and post natal development. He also determined 
that the effect on the hatching percentage was insignificant (96% from eggs treated with 4% 
carbon dioxide in the second half of incubation, compared to 95% from eggs beloging to the 
control group).  
 
CONCLUSIONS 
 
In conclusion, a gradual increase in carbon dioxide concentration during incubation, 
stimulates embryonic development, induces commissioning of physiological systems faster 
than when normal concentrations of carbon dioxide were applied, shows a beneficial effect on 
the hatching process, causing the increase of hatching percentage even for breeding chickens 
older than 45 weeks. 
Further research will hopefully reveal more precisely the exact mechanisms by which 
carbon dioxide alters embryonic development. More experiments need to be performed to 
investigate the optimal concentration and window for increased carbon dioxide during single-
stage and especially multi-stage incubation.  
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